In the future, International Linear Collider (ILC), a helical undulator based polarized positron source is expected to be chosen. A high energy electron beam passes through a superconducting helical undulator in order to create circularly polarized photons which will be directed to a conversion target, the result of which, will be electron-positron pairs. The resulting positron beam is longitudinally polarized. In order to produce the required number of positrons in ILC250 the full undulator length is needed. Since the photons are created with an opening angle and traveling through a 320 m long undulator, it is expected that the superconducting undulator vacuum will be hit by the photons. Photon masks are needed to be inserted in the undulator line to keep the power deposition in the vacuum below the acceptable limit which is 1W/m. A detailed study of the power deposition in the vacuum and masks is needed in order to design the photon masks. This paper describes the power deposition in the undulator vacuum due to secondary particles assuming an ideal undulator. In addition, the mask model is proposed.
Introduction
A helical undulator in the International linear collider (ILC) is anticipated to be chosen as the baseline positron source. The helical undulator produces polarized positrons with the greatest intensity that can be achieved by any available intense sources for the time being. An electron beam with 128 GeV that comes from the main linac will enter the helical undulator in order to produce circularly polarized photons. These multi-MeV photons will then hit a thin Ti-alloy target. As a result, longitudinally polarized positrons will be produced through pair production mechanism. These positrons will be collected, accelerated and sent to the damping ring. Table 1 shows the ILC undulator parameters. Technical Design Report
[TDR] describes the general layout of the helical undulator [1] . Two helical undulator modules with a length of 1.75 m for each are installed in one cryomodule which has a length of 4.1 m. 23 quadrupoles are placed inside the helical undulator to steer and focus the electron beam through the helical undulator. The distance between each two quadrupoles is 14.538 m. The saved area for the undulator in ILC-250GeV is 320 m whearas the active length of the helical undulator is 231m.
The undulator aperture and period are 5.85 and 11.5 mm, respectively. The maximum B field on helical undulator axis is 0.86T corresponding to a maximum K value of 0.92. Here, K=0.85 was used. Photons produced by the helical undulator will hit the helical undulator vacuum chamber; besides power deposition in the vacuum, the vacuum quality can also be affected [2] . The power deposition due to synchrotron radiation along the helical undulator at ILC-250GeV was studied [3] . It showed that the peak power deposited due to the synchrotron radiation is about 18.5 W/m [3] while the acceptable limit of the power deposition in the undulator vacuum is 1W/m [4] . Therefore photon masks should be placed into the undulator line to protect the undulator vacuum.
The Effects of Inserting Photon Masks into the Undulator
Since we will never have ideal photon masks, secondary particles that have enough energy to escape from masks may deposit on the undulator vacuum. In addition, since the polarization of positron depends on the polarization of photons, the masks could affect the polarization of the positron beam by removing the low energy photons which have large opening angles.
In this paper the power deposition due to secondary particles in the undulator vacuum will be discussed. Moreover, a possible photon mask model is proposed
Energy Deposited at Photon Masks
The energy deposited at masks was calculated [3] by an analytical equation and simulated by HUSR [5] and [6] . Table 2 summarizes this study. It shows the deposited power and the average and maximum incident photon energy at photon masks. Figure 1 shows the power at the 22 masks. The first mask is missed due to the fact that HUSR is too time consuming to calculate the photon spectrum for distances below 25 m from the exit of an undulator module [3] . It can be expected that as shown in figure 1 , the first mask (Mask 1) will receive less than 0.001 W/m which the second mask (Mask 2) receives. So it is negligible.
Photon Mask Design
The photon mask for the ILC helical undulator has not been completely designed so far. And to design a mask, the distribution of the deposited energy is needed. It is clear that as shown in figure 1 each mask will receive a different deposited power. For example, mask number 23 receives the highest amount of the power deposited which is 335 W compared with 80 W at mask number 15. Moreover, the average incident photon energy at mask 23 is about 2.01 MeV so it is above the threshold which causes the pair production mechanism. While the average incident photon energy at mask 15 is 0.68 MeV. Therefore, photon masks should absorb the power deposited. Therefore the mask should be designed to absorb photons with different energies as well as the electromagnetic shower.
Previously, a design of the photon mask was proposed by Bangau [7] but with different parameters concerning the electron energy and undulator K and total length. Figure 2 shows the design proposed of the photon mask in this paper. Since the space reserved for the undulator in ILC250 GeV is limited (319.8m), the length of the mask has been chosen to be 30 cm. The outer radius of the mask is 15 cm.
Dimensions of the Photon Mask
The inner radius of the photon mask is 0.44 cm. In order to reduce the effect of wakefields, the inner radius of the photon mask in the first 5 cm is tapered from 0.585 cm to 0.44 cm. 
Material of the Photon Mask
The incident photon energy at masks can reach few MeV. Therefore a material with small radiation length and high atomic number and high density is required.
Three different materials were investigated in this paper including copper, iron and tungsten. Table 3 summarizes the properties of these materials. The atomic number of tungsten is 74 whereas it is 26 and 29 for iron and copper, respectively.
The density of tungsten is 19.3 g/cm 3 and is higher than the dinsity of copper and iron which are 8.96 and 7.89, respectively. For the melting point, it is 1357.77 K and 1811 K in case of copper and iron, respectively, while the melting point for tungsten is 3695 K. Another important property for these candadites is the radiation length. It is 1.436 cm and 1.757 cm for copper and iron, respectively, but tungsten has only 0.34 cm of radiation length.
Since the different materials are used, it is expected to see some differences in terms of the peak energy deposition density (PEDD), maximum temperature rise and the flux of secoundary particles that leave the photon mask. 
FLUKA Simulation
FLUKA Monte Carlo code for particle tracking and particle interactions with matter [8] has been used to simulate the energy deposition in the photon mask with different materials. Table 4 shows the PEDD, maximum temperature rise and the power stopped by copper masks from mask 15 to mask 23. It is clear that the lowest PEDD is at mask number 15 while the highest PEDD is at mask number 23. The maximum temperature rise is 21.25 K/pulse at mask number 23, in contrast the lowest maximum temperature rise is 8.1 K/pulse at mask 15.
Energy Deposited at Copper Mask
In general, copper masks can stop between 98.1% and 98.5 % of the incident power.
For example, copper mask 23 can stop up to 98.5% of the incident power. The power that leaves the copper mask will be discussed in 5.4. 
Energy Deposited at Iron Mask
The second candidate is iron. Iron has a lower density than copper but a higher melting point. The energy deposited at iron masks number 15, 22 and 23 is shown in figure 5 and 6 in 2D and 1D, respectively. For example, iron mask 23 can stop up to 97.5 % of the incident power. The power that leaves the iron mask will be discussed in 5.4. 
Energy Deposited at Tungsten Mask
The last candidate is tungsten. Tungsten has the highest density and melting point and the lowest radiation length compared to other candidates. The energy deposited at tungsten mask number 15, 22 and 23 are shown in figure 7 and 8 in 2D and 1D, respectively. 
Electromagnetic Shower
Since photons lose energy when they pass through a material, secondary particles will be produced. The main secondary particles produced are positrons, electrons and photons. These secondary particles will again lose energy through the material via radiation processes as well as ionization. Secondaries that have enough energy to escape from the mask may deposit on the undulator vacuum. In this part power of secondaries that leaves the mask will be investigated. Figure 9 shows that there are 9 possible directions that secondary particles can leave the mask to. We discuss these 9 directions, which we shall refer to as Arrow 1, Arrow 2, Arrow 3, Arrow 4, Arrow 5, Arrow 6, Arrow 7, Arrow 8 and Arrow 9:
• Arrow 1 represents the direction of the secondaries that leave the mask in a forward direction within the mask outer radius between 0.585 cm and 15 cm.
• Arrow 2 represents the direction of the secondaries leaving the hole of the mask in a forward direction .
• Arrow 3 represents the direction of the secondaries leaving the mask outer radius between 0.22 cm and 0.585 cm in a forward direction.
• Arrow 4 represents the direction of the secondaries leaving the mask in a radial direction.
• Arrow 5 represents the direction of the secondaries that leave the mask in a backward direction within mask outer radius between 0.585 cm and 15 cm.
• Arrow 6 represents the direction of the secondaries leaving the part of the tapered mask in a backward direction.
• Arrow 7 represents the direction of secondaries leaving the tapered part and entering the hole of the mask.
• Arrow 8 represents the direction of secondaries leaving the mask and entering the mask hole.
• Arrow 9 represents the direction of secondaries leaving the hole mask and entering the mask medium again. The power leaving mask 22 is discussed. The reason of choosing this mask is due to the fact that mask 22 is the last mask inside the undulator. The amount of leaving power from this mask is the highest amount compared with previous masks.
The power leaving from this mask may be deposited in the next cryomodules.
Spectrums of Secondary Particles Leaving the Materials
In this section, the spectrums of secondary particles leaving the copper, iron and tungsten mask 22 in a forward direction is discussed. Figure 10 shows spectrums of photons leaving the copper, iron and tungsten mask 22 in a forward direction.
In this figure, it shows the spectrum of photons leaving copper, iron and tungsten mask in Arrow 3, 2 and 1 from the top to the bottom. It is clear that in all these Arrows, photons still have enough energy to escape from the mask, although there are differences in spectrums due to different materials.
The spectrums of electrons leaving copper, iron and tungsten mask in Arrow 3, 
Power Leaving The Copper Mask
In the previous section, the spectrums of secondary particles (including photons and electrons) leaving the copper, iron and tungsten mask 22 in a forward direction was discussed. In this section, the power of secondary particles leaving mask 22
with three different materials in all directions is investigated.
• Power Leaving The Copper Mask 22 Table 7 shows the average energy and the power of each secondary particle at each arrow from copper mask 22. The secondary particles including photon, electron and positron leave the mask to all directions, except there are no positrons leaving the Cu mask 22 to Arrow 5. The total power that leaves the Cu mask 22 is 4.55 W. The power that leaves the mask to forward direction (total power of Arrow 1, Arrow 2 and Arrow3) is 2.18 W. In section 5.5, the power deposition of secondary particles on the undulator vacuum will be discussed. • Power Leaving The Iron Mask 22 Table 8 shows the average energy and the power of each single secondary particle at each arrow from Fe Mask 22. The secondary particles including photons, electrons and positrons are travelling in all directions around the mask, except there are no positrons travelling to Arrow 5. The total power that leaves the Fe mask 22 in all possible directions is 6.64 W. Only 3.07 W will go in a forward direction. This amount of power (3.07 W) needs to be discussed to find out how much power will be deposited in next cryomodule and how much power will go through the undulator vacuum. In section 5.5, the power deposition of secondary particles on the undulator vacuum will be discussed.
• Power Leaving The Tungsten Mask 22 Table 9 shows the average energy and the power of each secondary particle at each arrow from W Mask 22. It is clear that photons are travelling to all directions around the mask. While tungsten mask 22 can kill electrons and positrons such as which escape from the W mask to Arrow 1. The total power that leaves the W mask 22 to all possible directions is 1.52 W. Most of this power (1.43 W) will travel within Arrow 2. This amount of power (1.43 W) will be discussed to find out how much power will be deposited in next cryomodules and how much power will go through the undulator vacuum. In section 5.5, the power deposition of secondary particle on the undulator vacuum will be discussed. 
Power Deposited at the Undulator vacuum
The power deposition due to the primary beam along the helical undulator vacuum at ILC-250GeV was studied on [3] . In that study it was demonstrated that 23 photon masks are needed to be inserted along the undulator line to keep the power deposition below the acceptable limit. In addition it was assumed that the photon masks are ideal but in reality it is impossible to have ideal photon masks.
Therefore in this section the energy deposition due to the secondary particles on undulator vacuum are studied for the ideal case.
• Power Deposition of the Primary Beam at the Undulator vacuum
The blue line in figure 12 shows the power deposition of the primary photon in the undulator vacuum between Mask 10 and Mask 23. Since it is an ideal helical undulator, the peak and minimum of the primary beam power between Mask 10
and Mask 23 are almost the same. The peak of the primary beam power is 0.022 W/m and it is at the last module before the next mask. The minimum power is 1 × 10 −5 W/m and it is at the beginning of the first module after each mask.
• Power Deposition of Secondary Particles at the Undulator vacuum
The power deposition of secondary particles at undulator vacuum was simulated using FLUKA. In section 5.4 three different materials including copper, iron and tungsten were invistagated. In this section the mask material used is copper.
The peaks of the power deposited of secondaries depend on the incident power of the primary beam. So that the power leaving mask is different and that leads to differences on the peaks of the power deposition of secondary particles in the undulator vacuum. The dashed red line on figure 12 represents the power deposition of secondary particles in the undulator vacuum between Mask 10 and Mask 23.
Since the Mask 23 is at the exit of the undulator, thus the power leaving Mask 23 is not important to our study. As it can be seen on figure 12 the highest peak of power deposition of secondary particles is immediately after Mask 22. Table 10 summrizes the power deposition of the primary beam and the total deposition power between Mask 21 and Mask 23. The total deposition power means the power deposition of the primary beam plus the power deposition of secondary particles. 
Conclusion
We have modelled a possible photon mask geometry with high absorption efficiency for three different materials including copper, iron and tungsten at the ILC positron source. Copper and iron are stopped 97.5% and 98.5% of the incident power, respectively. In contrast, tungsten can stop up to 99.5% of the incident power.
PEDD and maximum temperature increase studies showed that for ideal helical undulator, the masks are safe. For example, the PEDD at copper mask 23 is 8.18 J/(g*pulse), and maximum temperature rise is 21.25 K/pulse. According to the radiation length, the photon mask can be shorter by using tungsten.
It has been shown that secondary particles will deposit in the undulator vacuum.
For the ideal undulator, the energy deposition in the undulator vacuum due to the synchrotron radiation and secondary particles is below the acceptable limit. For instance, the peak of the energy deposition immediately after Mask 22 is 0.19 W/m. The next step will be to simulate the photon spectrum for a non-ideal undulator and to finalise the design of the photon mask. 
